Objective: National surveys revealed a high prevalence of psychiatric disorders in Iran. Province-level estimates are needed to manage the resources and focus on preventive efforts more efficiently. The objective of this study was to provide province-level estimates of psychiatric disorders. Method: In this study, Iranian Mental Health Survey (IranMHS) data (n = 7886) was used to produce province-level prevalence estimates of any psychiatric disorders among 15-64 year old males and females. Psychiatric disorders were diagnosed based on structured diagnostic interview of the Persian version of Composite International Diagnostic Interview (CIDI, version, 2.1). The Hierarchical Bayesian (HB) random effect model was used to calculate the estimates. The mental health status of half of the participants was also measured using a 28-item general health questionnaire (GHQ). Results: A wide variation in the prevalence of psychiatric disorders was found among 31 provinces of Iran. The direct estimates ranged from 3.6% to 62.6%, while the HB estimates ranged from 12.6% to 36.5%. The provincial prevalence among men ranged from 11.9% to 34.5%, while it ranged from 18.4% to 38.8% among women. The Pearson correlation coefficient between HB estimates and GHQ scores was 0.73.
The prevalence of psychiatric disorders was reported from 17.1% to 23.6% in large national studies conducted in Iran (5) (6) (7) (8) . Access to epidemiological information, such as prevalence, incidence, and risk factors are key components of decision-making and understanding the health status of communities (9) . Prevalence is one of the indicators for policy-making, budgeting, intervention, and modification of risk factors, especially for a subgroup of the population, such as social groups, or geographically defined areas, such as provinces or counties (10) . Generally, national health surveys are designed to produce reliable direct estimates of the target population at national levels. Therefore, direct design-based surveys do not have sufficient power to provide reliable estimates at smaller subnational level, geographic domain, or groups formed by cross-classification of sociodemographic variables, which usually have a smaller sample size (11) . While there are remarkable studies on estimation of the burden and prevalence of mental disorders at global, regional, and country levels (7, (12) (13) , few or even no reliable estimates are available for most countries at the subnational level. Local health care agencies and community health organizations do not have enough resources to collect data on their own and, thus, estimating such aspect of health seems more difficult and time-consuming, especially for non-fatal conditions such as mental disorders (14, 15) . To cope with the instability of the design-based direct estimation and provide estimates with improved precision, methods of Small-Area Estimation (SAE) that borrow strength from an auxiliary information, both at area or individual levels, have been increasingly considered (16) . The general objective of this study was to estimate a 12-month prevalence of province-level psychiatric disorders using data of an Iranian mental health survey (IranMHS) (17) .
Materials and Methods
We used a small area method to provide the most reliable prevalence of mental disorders at province-level in the Iranian population .
Data Sources
Two sources of data were used in this study: the individual-level data were provided by the Mental Health Office of Ministry of Health and the area-level data were obtained from the 2011 census of the Statistical Center of Iran.
Individual Data
The individual-level data consisted of the items collected as part of IranMHS, a national household cross-sectional study conducted in 2011 (17) . IranMHS consisted of 7886 individuals aged 15-64 years who participated in a set of face to face interviews. The central measures of mental disorders used in this study were any persons who were diagnosed as mentally ill during the past 12-months, according to the criteria in Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV TR). Psychiatric disorders were diagnosed based on structured diagnostic interview of the Persian version of Composite International Diagnostic Interview (CIDI, version, 2.1): any anxiety disorder including panic disorder with/ without agoraphobia, agoraphobia without panic, social phobia, generalized anxiety disorder, obsessive-compulsive disorder, posttraumatic disorder; any mood disorder including major depressive disorder, dysthymia, bipolar 1 disorder; any substance use disorder including drug abuse/ dependence, alcohol abuse/ dependence; and any primary psychotic disorder. Finally, the dependent variable was coded as binary variable of the persons who had any of the aforementioned disorders. The predictor variables were selected based on the experts' opinions and previous literature (18) as well as availability of their parallel categorical form for extraction from 2011 census data. The variables included in the initial analytical dataset were gender, age, place of residence, occupation, education, income, and marital status .
Area-level Data
Whenever necessary, the mentioned-classification was applied to the data obtained from 2011 census. This was done by adding up the numbers of individuals aged 15-64 years in each province based on different variables, and the total number was then expressed as a proportion of the whole population of the intended variable.
Estimation

Hierarchical Bayesian Model
A multiple logistic regression with application of the complex sampling design was used to select the predictor to be included in the Bayesian model. Type 1 error; α = 0.1 was used as a significant level to select individual predictors (Table 2 ). To provide area-level prevalence of psychiatric disorders, a two-step small-area estimation was performed based on Malec et al. (19) with a Bayesian approach. Applying this mixed model provided a series of parameters with fixed effects that were common to all provinces, and a series of parameters with random effect which were specific for each area. First, a hierarchical Bayesian version of random-effect logit normal with both unit-level and area-level covariate was fitted to estimate the relationship between the predictor and the response variable "psychiatric disorder". In the second step, an area-level logit model was performed based on previously measured relationship and the set of sociodemographic province-level covariate. The direct prevalence of psychiatric disorder was computed using weighted IranMHS 2011 data for all provinces. An estimation was also done by applying the Post-stratified Synthetic (PsSyn) and composite approaches (16) . Reliability and precision of 3 small area methods, including post-stratified synthetic, composite, and hierarchical Bayesian model, were compared versus direct method.
Evaluation of Province-level Estimates
Due to the lack of a gold standard in Iran, a regional direct estimate was used as a reference to evaluate the validity of small-area province-level measurements (20) . The province-level estimates, provided from the smallarea analysis, were aggregated to 8 region-levels. The region-level prevalence estimates of mental disorders were directly obtained from IranMHS. The direct estimate at the regional level increased the sample size to the effective level and, therefore, provided stable and reliable measures of mental disorders. However, the region-level direct estimates were compared with the region-level aggregated small-area estimates. Then, discrepancy measures (15) , such as mean square error (MSE), mean absolute difference (MAD), mean relative absolute difference (MRAD), rank statistics (RS), and correlation coefficient (CC), were calculated. MSE and confidence interval of prevalence for each small area were also estimated based on Rao 2003 . In IranMHS, the mental health status of half of the participants was measured using the 28-item General Health Questionnaire (GHQ-28). The self-administrated GHQ-28 questionnaire was completed by the participants independently of the CIDI. The correlation between the estimated small-area prevalence and the mean score of GHQ for each province was estimated as another measure to verify the validity of the estimates .
Statistical Analysis
R statistical software version 3.4 was used for programming direct estimation and design-based SAE. The hierarchical Bayesian analysis was performed by open BUGS, and 25 000 iterations with 5000 burn-in were monitored to produce all posterior distributions. The point prevalence map by province was produced using ArcGIS version 10.4, and Jenks natural break method was used to classify the data into different categories.
Results
In 2011, Iran Mental Health Survey (IranMHS) sampled 7886 individuals aged 15-64 years. It was previously shown that 23.6% of the general population was diagnosed with one type of mental disorder based on the DSM-IV criteria during the previous 12 months (7). Most provinces did not have adequate sample size to directly provide the prevalence of mental disorders. Nearly 84% (26 of 31) of the provinces had less than 450 observations. This is the minimum number of samples to provide stable estimates of mental disorders in the general population (1). Table 1 . The odds ratio of psychiatric disorders was found to be statistically significant for five variables out of seven. Sex, residence, marital status, occupation, and education were the predictors that had a p-value of less than 0.05 in the adjusted logistic regression model (Table 2) . However, when the model was fitted separately for men and women, living in rural areas was significantly protective only for men (OR = 0.68). In contrast, higher education level was found to significantly affect mental disorders in women (OR = 0.73). Finding of this study presented a large variation in the prevalence of mental disorders among 31 provinces of Iran. The prevalence of psychiatric disorders by direct estimates ranged from 3.6% to 62.6%, with a median of 23.3%. The 95% confidence interval (CI) width ranged from 6.2% to 34.3%, with a median of 14.8% (see table  5 appendix 2). The PsSyn had a narrow range from 23.3% to 24.3%, with a median of 23.7%; however, its 95% CIs width was very wide from 9.6% to 82.2%, with a median of 20.6% (Table 6 , Appendix 2). The prevalence proportions estimated from composite ( Table  7 , Appendix 2) and hierarchical bayesian method (Table  8 , Appendix 2) ranged from 17.0% to 36.4% and 12.6% to 36.5%, respectively, and their corresponding medians were 23.6% and 23%, respectively. The 95% CIs width for a composite estimate ranged from 6.2% to 100.0%, with a median of 13.7%, and it ranged from 5.6% to 22.0% for hierarchical Bayes estimates, with a median of 11.3%. The provincial prevalence among men ranged from 11.9% to 34.5%, with a median of 20.1% and confidence interval ranged from 7.3% to 27.2%. Among women, it ranged from 18.4% to 38.8%, with a median of 26.5% and confidence interval ranged from 8.1% to 25.9%. The area-level MSEs obtained from PsSyn did not show any improvement over the direct method. Moreover, the composite approach had no important improvement compared to the direct approach (Table 5-7, Appendix 2). However, values estimated by HB improved considerably compared to the direct method for all provinces (Table 8 , Appendix 2). Graphs 1-3, Appendix 3 present the scatter plot of coefficient of variation (CV) versus increasing sample size for each method versus direct estimates. The HB also shows a smaller CVs, especially for smaller sample sizes on the left of the graph.
The 8 region aggregated prevalence of psychiatric disorders was compared to the corresponding direct region-level reference estimates. The PsSyn approach produced the largest discrepancy statistics and did not show any improvement over the direct estimates (Table  3) . HB was the best small-area technique for estimating the prevalence of mental disorders per province. The CC was close to 1, and all other 4 discrepancy statistics were closest to 0 (Table 3) . After removing the outliers, the correlation coefficients between the mean score of GHQ-28 and parallel prevalence estimates of psychiatric disorders were 0.57 (Direct), 0.03 (PsSyn), 0.58 (Composite), and 0.73 (HB), respectively. The HB estimates of mental disorders were highly varied by geographic location and sex of the Iranian population.
This diversity was presented as a geographical map of point prevalence of mental disorders (Figure 1-3 ). According to the maps, provinces can be classified as 3 prevalence regions: low prevalence (white and gray), moderate prevalence (pink), and high prevalence (purple and dark navy) of mental disorders. The provinces with the lowest proportion were found in the west, southwest, north, and northeast regions. Low-prevalence provinces were like a belt beginning from the west and southwest of Iran and going across a line to the Northern provinces and the margin of the Caspian Sea. The provinces with higher prevalence were located in the center, southeast, and some southern regions of Alborz mountains. 
Discussion
Main Findings
In this study, a small-area values of psychiatric disorders in the general population aged 15-64 years were estimated at the province-level. As depicted in the maps, the estimated prevalence of psychiatric disorders had a considerable diversity across provinces and genders. The variation might be due to the sociodemographic composition of communities, and not following a specific pattern in the provinces. It was also found that regionally accumulated small-area values were highly comparable with their corresponding direct estimates, which were set as reference values . Direct estimation had a great discrepancy statistics, which may be due to the fact that IranMHS was designed at the national scale; and when the sample was broken down to the subnational level, there was no longer enough power to provide stable statistics. The synthetic approach is widely used in the field of public health, perhaps because of its simplicity (15, (21) (22) (23) . However, if the characteristics of a large area which covers local ones are not constant and similar to each other, this method is discouraged and biased (24) . The HB method clearly produced lower values of MSEs at the province-level than the direct method. In the composite method, although the MSEs at the provincelevel presented lower values than the direct method, there were some fluctuations in their ventricles. Scattering of the CVs versus sample size by comparing each method with the direct approach also confirmed the accuracy of the HB method. Increased accuracy provided by HB was more impressive in small domains with sample sizes lower than 420 individuals. However, regarding the correlation with reference values and other discrepancy measures, HB was found to be preferred compared to the synthetic and composite methods . The HB analysis used in this study had one area-level random effect. According to the test of the variance, the equality of variance component (null hypothesis) for province-level random effect was not retained. Therefore, the estimates of random components were all far from 0 and had a significant effect on the prevalence estimates at the province-level . In this analysis, the spatial correlation of psychiatric disorders was estimated by means of calculating Moran index and its corresponding p-values, which were 0.15 and 0.29, respectively. Thus, the spatial random effect term was not included in the model because of very little impact on the corresponding prevalence estimation .
Previous Direct Studies
No comprehensive subnational studies considered the prevalence of mental disorders in all provinces, and studies have been limited to specific populations. Based on the time scale, these studies can be divided into 2 prerevolutionary periods, from 1962 to 1971, with a prevalence of 11.9% to 18.6%, and after the revolution, from 1992 to 1999, with a prevalence of 12.5% to 30.2% (25) 
Limitation
The methods used in this study were developed mostly outside the scope of health (29) (30) and, recently, they have been used in the field of health as well as mental health (31) (32) . However, there are limitations to our study that should be considered when interpreting and generalizing the results. Although HB improved the estimate of mental disorder prevalence, its precision was still low due to relatively wide CIs. A solution to this problem could be the accumulation of more years of data collected through the same method. Another problem was the unavailability of area-level demographic data with the same precision and categories as the individual data. Since GHQ-28 is a screening tool, its provincelevel findings (33) could not be compared with CIDIbased diagnoses in this study. So, there was no available, reliable direct estimate as a gold standard for the evaluation of current SAE province-level results.
Conclusion
The findings of this study on the indirect estimate of epidemiologic measures at the local level, suggested that in the absence of reliable direct estimates, specifically for small areas with lower sample sizes, hierarchical Bayesian SAE could add valuable information to the nationally-designed surveys. The results of this study might be useful for policy-making and local health network funding. Given the large variation between provincial estimates (about 2 times between the lowest and the highest), this finding might be considered a trusted source for distribution of mental health facilities. Communities with various prevalence of mental disorders have different risk factors. Such differences should be considered when designing studies. Thus, for conducting a study on mental disorders, the minimum sample size of small communities, such as counties or provinces, should not be less than 420. However, as a new application of sampling statistics, the SAE methodology needs to be more developed and its application should be further assessed in Iran.
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